502,842 


? 


2 


C. N. HICKMAN 
ELECTROMAGNETIC RELAY 


April 4, 1950 


2 Sheets-Sheet 1 


Filed March 6, 1947 


INSULATION 
10 


j OSD 


INVENTOR 
C.N.HICKMAN 


EY : 
PG. Srur- 
ATTORNEY 


April 4, 1950 cC. N. HICKMAN 2,502,842 


ELECTROMAGNETIC RELAY 


Filed March 6, 1947 2 Sheets-Sheet 2 


INVENTOR 
_C.N.HICKMAN 


© PE, Smh- 


ATTORNEY 


Patented Apr. 4, 1950 


2,502,842 


UNITED STATES PATENT OFFICE 


2,502,842 
ELECTROMAGNETIC RELAY 


Clarence N. Hickman, Jackson Heights, N. Y., as- 
signor to Bell Telephone Laboratories, incorpo- 
rated, New York, N. Y., a corporation of New 


York 


Application March 6, 1947, Serial No. 732,862 
(Cl, 206—87} 


10 Claims. 
i 

This invention relates generally to electro- 
magnetic relays and in particular to improvement 
of and concerning those electromagnetic relays in 
which the armature and core are used as electrical 
paths as well as elements of the magnetic cir- 
cuits of the relay structure. 

Relays used as line relays in telephone systems 
of the cross-bar type are customarily mounted in 
groups of ten or twenty, each relay adapted when. 
operated to connect the grounded terminal of the 
central office battery with each of two circuits, 
one a circuit individual to the line with which 
the relay is associated and the other a circuit 
common to ten lines. This facility has been pro- 
vided previously by two general types of relay con- 
struction. One type of relay has been provided 
with two pairs of contact springs, one spring of 
each pair being connected to ground while the 
other springs of the pairs are connected respec- 
tively to the line circuit and to the common cir- 
cuit mentioned above. This type of relay neces- 
sitates thirty soldered connections for multiply- 
ing relays in the group of ten mounted together. 
Another type has been provided with a divided 
core and an armature cooperating therewith, both 
the armature and each of the core divisions, 
which are insulated from each other and from 
the armature, comprising electrical paths as well 
as elements of the magnetic circuit. The latter 
type of construction, as disclosed in Patent 
2,312,902 to C. N. Hickman and E. Lakatos of 
March 2, 1943, simplified the wiring necessary for 
such relays as well as the assembling and instal- 
lation of such relay groups. 

The constant vigilance for ways and means of 
reducing space requirements of such relays and 
for improving the performance characteristics 
thereof has led to the type of relay embodying the 
present invention. The invention affords reduc- 
tion as to space requirement by means of a re- 
arrangement and addition of parts in a novel 
combination which in turn affords improved oper- 
ating characteristics for such relays. 

In accordance with the present invention as 
embodied in a relay, a single core leg is provided 
having an energizing winding thereon; an arma- 
ture is provided for magnetic cooperation with 
said core in a similar manner as that disclosed in 
the above referenced patent to Hickman and La- 


katos in that the core and armature are electri- ; 


cal paths as well as magnetic paths; a non-mag- 
netic contact spring is provided for cooperating 
mechanically and electrically with the core and 
armature and for providing a third electrical 
path; the armature and spring are mechanically 
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cooperable such that when the core winding is 
energized the initial movement of the armature is 
unloaded, then picks up mechanically by electri- 
cal contact therewith the non-magnetic spring 
and carries both to mechanical and electrical 
contact with the core and such that when the 
core winding is deenergized both armature anc 
spring release together until the spring engages 
a back stop whereupon the armature continues 
its travel to normal biased position breaking elec- 
trical contact with said spring, the normal posi- 
tion of said armature being such as to engage 
mechanically without electrical contact there- 
with the said spring to bias same to its respective 
normal position; the armature is hinged to its 
Support in the rear of the relay by means of 2 
substantially coplanar cantilever leaf spring hinge 
arrangement such that the armature may be pre- 
tensioned over 2 long distance; the non-magnetic 
spring is a neutral spring representing substan- 
tially no load to the armature by virtue of being 
thin and very flexible or by virtue of having 2 
window cut therefrom adjacent its support on the 
rear of the relay to reduce considerably its re- 
sistance to deformation in this area; the fore- 
going core, armature and non-magnetic spring, 
in addition to various other well-known parts of 
relays such as those parts which comprise a spring 
pile-up clamping assembly of insulators, bushings 
and screws, etc., are all assembled easily into a 
compact relay of less width and less height than 
such a relay as disclosed in the Hickman-Lakatos 
relay, patent above. 

A line relay comprising substantially the above 
features and particularly the combination of a 
magnetic armature pretensioned through a long 
distance and a non-magnetic contact spring of 
neutral pile-up force characteristics mechanical- 
ly interacting therewith in accordance with the 
invention will exhibit a more positive and more 
easily controlled action as regards the ability of 
the armature to snap through from non-operated 
to operated condition. The latter ability to “snap 
through,” as is used to describe the pull curve 
ability of the relay to overcome the load curve 
of same at a definite point on both curves, is en- 
hanced by the invention in that the load curve 
crosses the pull curve at a large angle by reason 
of its small slope, the subsequent discussion of the 
exemplary disclosure showing how the novel com- 
bination and arrangement of preceding described 
elements effects this advantage. 

The following description of a preferred em- 
bodiment of the invention is set forth in con- 
nection with the drawings which form a part 
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thereof and of which the following are general 
descriptions of the various figures: 

Fig. 1 is a perspective view of a relay con- 
structed and assembled in accordance with the 
invention; ; 

Fig. 2 is an’ exploded perspective of the relay 
of Fig. 1 showing the configuration of various 
parts of the relay and the manner in which same 
are assembled to form a completely assembled 
relay; 

Figs. 3, 4 and 5 are respectively top view, side 
elevation partly in section and bottom view of the 
relay of Fig. 1; - i 

Figs. 6 and 7 are respectively front and rear 
elevation views of the relay of Fig. 4 taken along 
lines 6—6 and 1—1 of Fig. 4; and, 

Figs. 8A, 8B and 8C are views of. the contact 
end of the relay of Fig. 4 showing three positions 
or steps in the operation and release of the relay. 

The relay shown by various views in Figs. 1 
through 7 and particularly as shown in Fig. 2 
comprises a core { upon which is mounted a wind- 
ing assembly consisting of winding 2, spoolhead 
3 and winding lead terminals 4 encased in pro- 
tective sleeves of plastic or similar material 5 and 
attached to spoolhead 3. Mounting bracket 6, 
spacers 29 and 30, terminals 7 through 9, insu- 
lator strips 10, armature {{ with its reed type 
cantilever spring hinge 12, contact spring 13, in- 
sulator bushings 14 and guard plate 15 are as- 
sembled as shown and clamped in a rigid as- 
sembly by means of machine screws {6 which are 
adapted to engage threaded holes in guard plate 
{5. The small holes through which screws {6 are 
adapted to pass are arranged to provide a snug 
but non-clamping fit for screws 16. The insulator 
bushings 14 are adapted to line the inner surfaces 
of all of the larger clearance holes shown and are 
also adapted to accommodate screws {6 in a snug 
but non-clamping fit, the bushings of course be- 
ing axially confined between the guard plate (5 
and the terminal 1. 

The armature If is spot welded or otherwise 
suitably attached to its spring hinge {2 and said 
hinge 12 is provided with a preset deformation as 
shown in Fig. 2 to provide the armature-hinge 
assembly with spring bias downward as viewed 
in Figs. 1, and 4. The armature {1 is bifurcated 
to provide two essentially mechanically independ- 
ent contact carrying bifurcations i1, each of 
which has welded thereon a contact i8. The bi- 
furcating slot 19 is enlarged near the free end of 
the armature il to provide a clearance hole 20 
through which the backstop stud 21 is assembled 
in the completed relay, as shown in Figs. 1 and 4. 

The contact spring {3 is provided with a cut- 
. out portion near its support to form a window 22, 
the purpose of which is to render the spring {3 in 
effect neutral in that spring {3 will represent 
substantially no load to the armature when 
moved thereby. The free end of spring 13, as 
shown most clearly in Fig. 2, is longitudinally 
slotted to provide a central portion 23 lying in the 
plane of the main body of spring 13 and carrying 
an insulator stud 24 staked thereto, as more 
clearly shown by such as Fig. 4, and two outer 
longitudinal portions 25, each of which is bent 
vertically for a short distance and then hori- 
zontally again in the forward direction. The ver- 
tical portions 26 of the upturned ends of the 
spring 13 are separated longitudinally of spring 
13 from stud 24 such that the backstop stud 21 
may pass freely therebetween as shown in such 
as Fig. 4. In addition the upturned nature of 
the free end of spring {3 permits the free end of 
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armature {1 to pass beneath the ends of spring 
13 carrying contacts 27 and above the insulator 
stud 24 as shown in Fig. 4. The adjusting nut 
28 is provided for backstop stud 21 to adjust the 
normal position of spring 13 as biased by arma- 
ture il acting against stud 24 of spring 13, the 
stud 24 in turn engaging the backstop nut 28, 
which is threaded on the stud 21. 

The types of materials which may be used for 
various parts of the above relay are discussed 
briefly at this point. Spoolhead 3 and insulator 
Strips 19 may be made of such material as phenol 
fibre which provides properties of mechanical 
strength and electrical insulation. The terminals 
such as 4, 7, 8 and 9, the armature reed hinge 12 
and the contact spring {3 may be made of such 
material as nickel-silver to provide in the case of 
the terminals a good electrical conductor, in the 
case of the reed hinge a resilient material and in 
the case of the contact spring a good electrical 
conductor of non-magnetic material. The bush- 
ings 14 and the insulator stud 24 may be of such 
material as hard rubber to provide a material of 
good mechanical strength and good electrical 
insulation properties. The guard plate 15 may be 
of cold rolled steel or similar material to provide 
a protective barrier for the relay from stray 
magnetic fields due perhaps to other structures 
which may be assembled near thereto, such as 
other relays of the character disclosed. The core 
l, bracket 6 and spacers 29 and 30 may be of a 
material such as magnetic iron to provide an 
electrical path as well as a good magnetic path. 
The backstop stud 21 is preferably of brass or 
like material to prevent its interfering or inter- 
acting magnetically with the armature ii. The 
armature is preferably of silicon steel to embody 
good magnetic properties as well as electrical 
conductivity but may be made of other similar. 
material. The sleeves § surrounding the winding 
lead terminals 4 may be made of plastic or other 
suitable insulating material. The above pre- 
ferred types of materials of which the various 
specified parts of the relay may be made are not 
intended as limiting the invention to the use of 
the indicated materials for it is obvious that 
others can be used provided the indicated proper- 
ties of such materials are present as will be ap- 
preciated by those skilled in similar uses of such 
component parts of similar relays. 

The various electrical circuits. available in the 
assembled relay are as follows: Terminals 4 
are to be understood to be electrically connnected 
to no part of the relay assembly other than the 
winding 2 which is, of course, insulated from 
core {. Terminal 7 is electrically connected to 
core I by means of spacers 29 and 30 and bracket 
6 and machine screws 16, and to guard plate 15 
by means of screws 16. Terminal 8 is electrically 
connected to armature iÍ by means of reed hinge 
i2 and these three are insulated from other parts 
of the assembly by means of bushings {4 and in- 
sulator plates 10. Likewise terminal 9 is elec- 
trically connected to contact spring {3 and both 
are insulated from the rest of the assembly by 
insulator plates 10. d 
Figs. 8A, 8B and 8C represent three positions 
assumed by the free ends of armature i! and 
contact spring 13 upon energization of winding 2. 
Fig. 8A represents the normal position similar 
to that of Fig. 4. Fig. 8B represents the instant 
armature Íi has made electrical and mechanical 
contact with contact spring 13, thus indicating 
an amount of initial unloaded travel prior to en- 
gagement with spring i3. Fig. 8C represents the 
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final position where armature II has carried 
spring {3 into mechanical as well as electrical 
contact with the core i. Upon deenergization 
of winding 2 the armature fl and spring {3 re- 
lease together from contact with core | and at an 
instant during release appear similarly to Fig. 8B 
until the insulator stud 24 engages backstop nut 
28. At this instant the armature if will break 
contact with spring i3 and continue releasing 
until it engages stud 24 to once again rest in 
normal position and thereby bias spring {3 to its 
normal position. 

The window 22 cut-out of spring 13 near the 
supporting pile-up permits spring {3 to be de- 
flected without building up any appreciable pile- 
up force and consequently presents no appreci- 
able load to armature ii. The same or a com- 
parable effect would result if spring 13 were made 
rather thin and not provided with the window. 
It is preferred to use the window arrangement 
or other reduction of cross-section area, how- 
ever, since a thin spring generally represents poor 
mechanical strength. The means of supporting 
the armature 1i, namely reed hinge 12, permits 
the armature to be pretensioned through a long 
distance resulting in a small rate of build up 
of pile-up force for such a structure. Both of 
these previous provisions coupled with the initial 
unloaded movement of the armature represents 
a load curve of small slope which will cross the 
pull curve of the magnetic structure at a large 
angle representing an unequivocal operating 
point of the relay which in turn will insure the 
“snapping-through” of the armature at a low 
value of pull by the magnetic circuit and at a 
predictable and reliable value of pull. The force 
applied by the armature to the contact spring in 
both normal and operated positions represents 
positive operation and prevents locking contacts 
by virtue of the impact available on release in 
case the spring contacts should stick to the core 
face or in case the armature contacts should 
stick to the spring contacts. 

The terminal 1 will generally be connected to 
the grounded terminal of the central office bat- 
tery and terminals 8 and § will be connected to 
the circuit common to the group of relays and to 
the circuit peculiar to the particular relay as 
previously outlined. As will be noticed from 
Figs. 3 and 5 in particular, all of the terminals 
of the relay are provided with different configura- 
tions at their wiring ends to facilitate the attach- 
ment thereto of suitable control wiring and cir- 
cuit leads. ; 

Numerous modifications and rearrangements 
of the structure employed for an exemplary dis- 
closure of the invention will be suggested to those 
skilled in the art and since the scope of the in- 
vention is not intended to be limited to the spe- 
cific disclosure suitable claims are appended 
which alone define the scope of the invention. 

What is claimed is: 

1. An electromagnetic relay comprising a core 
carrying an energizing winding and at least one 
electrical contact, a cantilever spring mounted 
armature normally biased to unactuated position 
and adapted to cooperate magnetically with said 
core under control of said winding, said arma- 
ture carrying at least one electrical contact 
adapted to be connected electrically with said 
contact on said core when said armature is ac- 
tuated, a contact spring controlled by said arma- 
ture and carrying at least one electrical contact 
adapted to be connected electrically with each 
of the said contacts on said armature and said 


core when said armature is actuated, and means 

interacting between said core, said armature and 

said spring for enabling electrical disconnection 

of all of said electrical contacts in the unactuated 
6 position of said armature and for enabling elec- 
trical interconnection of all of said contacts in 
the actuated position of said armature, each of 
the said core, spring and armature being capable 
of carrying electrical current and being con- 
nectable when said armature is in unactuated 
position, to insulatedly separate electrical cir- 
cuits. 

2. An electromagnetic relay comprising a mag- 
netic core, a magnetic armature, a non-magnetic 
contact spring, and a clamying arrangement for 
supporting said core having 2 energizing wind- 
ing thereon and for supporting said contact 
spring having a reduced cross section adjacent 
the said support and for supporting said arma- 
ture located between said core and said spring 
and hinged to said support by means of a canti- 
lever hinge substantially coplanar with. said ar- 
mature, the said core, spring and armature being 
insulated from each other by said clamping ar- 
rangement and all adapted to conduct electric 
current, the free ends of said core, spring and 
armature being normally separated from each 
other and each carrying contacts adapted to 
make electrical contact with contacts of each 
of the others when said armature is actuated, the 
contacting end of said spring being positioned 
between the contacting ends of said core and said 
armature and mechanical means interacting be- 
tween the contacting ends of said armature and 
said spring whereby the armature unequivocally 
determines the operated and non-operated posi- 
tions of said spring. 

3. An electromagnetic relay comprising in 
superimposed insulatedly supported relation in 
substantially parallel planes and superimposed 
in the order. mentioned a core carrying an ener- 
gizing winding and adapted to carry electric cur- 
rent, an armature adapted to carry electric cur- 
rent and supported by a resilient cantilever reed 
hinge substantially coplanar with said armature 
and a non-magnetic contact spring adapted to 
carry electric current and provided with a re- 
duced cross section adjacent its support consist- 
ing of an opening in said spring between its lon- 
gitudinal edges, the free ends of said core, spring 
and armature provided with contacts and nor- 
mally separated from each other, said free ends 
being superimposed in space relation and in the 
latter order mentioned whereby upon actuation 
of said armature due to energization of the said 
winding the free end of said armature may en- 
gage mechanically with electrical contact closure 
the free end of said spring and may when fully 
actuated effect mechanical as well as electrical 
60 contact between the free ends of said core, said 

spring and said armature. 
4, An electromagnetic relay structure compris- 
ing a core, an energizing winding on said core, 
a contact secured to the forward end of said 
65 core, an armature attractable toward the for- 
ward end of said core and having a contact se- 
cured thereto, a reed hinge secured to the rear 
end of said armature, a contact spring having 
a contact portion at its forward end interposed 
70 between the pole face of said core and the pole 
face of said armature, a back stop stud secured 
to the forward end of said core and having an 
adjustable back stop nut thereon against which 
said armature reed hinge normally biases said 
75 contact spring, and means for insulatedly clamp- 
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ing the rear ends of said core and contact spring 
and the reed hinge of said armature together, 
said winding when energized being effective to 
first cause said armature to engage the contact 
end of said spring and to then move said spring 
into electrica] engagement with said core con- 
tact. 

5. An electromagnetic relay structure compris- 
ing a core, an energizing winding on Said core, 
contacts secured to the forward end of said core, 
a bifurcated armature attractable toward the 
forward end of said core and having contacts 
secured to said bifurcations, a reed hinge secured 
to the rear end of said armature, a contact spring 
having its forward end longitudinally slotted to 
provide two contacting fingers, the said fingers 
carrying contacts and being interposed between 
the pole face of said core and the Pole face of 
said armature, a back stop stud secured to the 
forward end of said core and having an adjust- 
able back stop nut thereon against which said 
armature reed hinge normally biases said con- 
tact spring, and means for insulatedly clamping 
the rear ends of said core and contact spring 
and the reed hinge of said armature together, 
said winding when energized being effective to 
first cause said armature to engage the contact 
end of said spring and to then move the contact- 
ing fingers of said spring into electrica] engage- 
ment with said core contacts. 

6. An electromagnetic relay structure compris- 
ing a core, an energizing winding on said core, 
a contact secured to the forward end of said core, 
an armature attractable toward the forward end 


of said core and having a contact secured there- - 


to, a reed hinge secured to the rear end of said 
armature and adapted to bias said armature 
away from said core, a contact spring having 
a contact portion at its forward end interposed 
between the pole face of said core and the pole 
face of said armature, a back stop stud secured 
to the forward end of said core and having an 
adjustable back stop nut thereon against which 
normally rests an insulator stud secured to the 
forward end of said contact spring, the said arma- 
ture normally biasing said contact spring 
by engaging said insulator stud under the action 
of said reed hinge, and means for insulatedly 
clamping the rear ends of said core and contact 
spring and the reed hinge of said armature to- 
gether, said winding when energized being effec- 
tive to first cause said armature to engage the 
contact end of said spring and to then move said 
spring into electrical engagement with said core 
contact. . 

7. An electromagnetic relay structure compris- 
ing a core, an energizing winding on said core, 
contacts secured to the forward end of said core, 
a bifurcated armature attractable toward the for- 
ward end of said core and having contacts 
secured to said bifurcations, a reed hinge secured 
to the rear end of said armature, and adapted 
to bias said armature away from said core, a 
contact spring having its forward end longitu- 
dinally slotted to provide three fingers, one of 
said fingers having secured to the end thereof 
an insulator stud and the other two of said 
fingers carrying contacts and being interposed 
between the pole face of ‘said core and the pole 
face of said armature, a back stop stud secured to 
the forward end of said core and having an ad- 
justable back stop nut thereon against which nor- 
mally rests said insulator stud secured to said 
contact spring, the said armature normally bias- 
ing said contact spring by engaging said insulator 
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stud under the action of said reed hinge, and 
means for insulatedly clamping the rear ends of 
Said core and contact spring and the reed hinge 
of said armature together, said winding when en- 
ergized being effective to first cause said armature 
to engage the contact end of said spring and to 
then move the contact fingers of said spring into 
electrical engagement with said core contacts. 

8. An electromagnetic relay structure compris- 
ing a core carrying an energizing winding between 
the ends of said core, one end carrying electrical 
contacts and the other end adapted to be sup- 
ported, an armature provided at one end with 
electrical contacts adapted to cooperate with the 
contacts on said core and provided at the other 
end with a substantially coplanar cantilever reed 
hinge for supporting purposes, a contact spring 
adapted at one end to be supported and provided 
at the other end with a bent configuration result- 
ing in a short length of the spring on the end 
thereof carrying contacts adapted to cooperate 
with the contacts on said core and said armature, 
the said short length lying in a Plane substantially 
parallel to the main portion of said spring and 
connected thereto by a short section of said spring 
in a plane substantially perpendicular to the 
Flanes of the short length and the main body of 
said spring, the core, armature and spring being 
insulatedly supported by a clamping arrangement 
such that the said core, armature and spring 
are in substantially parallel planes and in super- 
imposed mutually insulated relation wherein the 
armature is positioned between the said core 
and said spring, the free end of said armature 
being laterally confined by an opening in the 
short perpendicular portion of the free end of 
said spring such that the contact carrying free 
ends of said core, said spring and said armature 
are in substantially parallel planes and in a super- 
imposed space relation wherein the spring is posi- 
tioned between the said core and said armature. 

9. An electromagnetic relay comprising secur- 


- ing means, an electrically conducting core having 
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an energizing winding thereon, an electrically 
conducting armature magnetically attractable by 
said core when said core is energized by said 
winding, an electrically conducting contact spring 
movable under control of said armature, said core, 
armature and spring secured by said securing 
means substantially at one free end of each in 
mutually insulated superimposed relation in the 
order named, the other free ends of said core, 
armature and spring having thereon at least one 
electrical contact each and arranged in space 
relation such that the contact end of said spring 
is located between the contact ends of said core 
and said armature, said spring positively discon- 
nected electrically from both when said armature 
is unoperated and positively connected electri- 
cally to both when said armature is operated. 
10. An electromagnetic relay comprising secur- 
ing means, an electrically conducting core having 
an energizing winding thereon, an electrically 
conducting armature magnetically attractable by 
said core when said core is energized by said 
winding, an electrically conducting contact spring 
movable under control of said armature, said 
core, armature and spring secured by said secur- 
ing means substantially at one free end of each 
in mutually insulated superimposed relation in 
the order named, the other free ends of said core, 
armature and spring having thereon at least one 
electrical contact each and arranged in super- 
that the contact end 
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of said spring is located between the contact ends - REFERENCES CITED 

of said core and said armature under all cir- The following referen f 

cumstances, and mechanical means interacting file of this hess eee ate, Oh nec sa ene 
between said core, armature and spring to permit 


said armature when operated to positively inter- , UNITED STATES PATENTS 
connect said core, armature and spring electri- Number Name Date 
cally and to permit said armature when released 2 
to positively disconnect said core, armature and 1,858.56 Sehedibauer----+--< May 1, 19 32 
CLARENCE N. HICKMAN. 10 Number Country Date 
604,199 Germany ---------- Oct. 16, 1934 


71,322 Austria -.......... Mar. 10, 1916 


